INTRODUCTION
============

The incidence of iron deficiency anemia (IDA) has significantly decreased over time due to breastfeeding, improvement of overall nutritional status, and use of iron-fortified baby food. However, IDA is still observed in infants not only in developing countries, but also in developed countries \[[@B1]-[@B4]\]. In Korea, the prevalence rates of iron deficiency and IDA in infants aged 1 and 2 years have been reported as 31.6% and 5.3%, respectively \[[@B2]\]. According to the National Health Insurance Corporation that analyzed data from 2002 to 2008, the number of IDA patients aged less than 1 year increased by 7.2-fold \[[@B5]\]. Furthermore, Yoon \[[@B6]\] used a capillary blood sampling method and reported that the prevalence rates of anemia with hemoglobin (Hb) level less than 11 g/dL in 6-month- and 18-month-old infants were 32.3% and 28.4%, respectively. The prevalence rates of iron deficiency would be even higher than the abovementioned values if the iron status included testing of serum ferritin, iron, and total iron binding capacity, as depletion or iron deficiency occurs prior to the appearance of anemia.

Further, patients with IDA may not be identified because blood sampling from infants is difficult and hence, avoided. Similarly, according to the investigations performed in our clinic, only 18.6% of infants who were diagnosed with IDA visited our clinic because anemia was suspected due to symptoms such as pallor, whereas most IDA cases were identified after performing blood sampling from infants who visited the clinic for other reasons such as respiratory diseases, viral infections, gastrointestinal infections, or vaccinations \[[@B7]\]. The possibility of these infants not being treated for anemia or IDA would be higher if they did not visit the hospital because of other symptoms or diseases.

In addition to the symptoms caused solely by anemia, IDA is also known for its harmful effects on neurological, motor, and behavioral development in infants. Infants with IDA are prone to infections due to suppressed immune function and show loss of appetite, slower growth \[[@B8]\], and poor motor and mental development \[[@B9],[@B10]\]. Children who have IDA in their infancy might have permanent risk of developmental disability, regardless of continuous iron supplementation \[[@B11],[@B12]\]. Brain damage due to iron deficiency in infancy is concerning because most brain development occurs during infancy.

Prevention may be the best way to avoid the negative consequences of iron deficiency on health. However, practically, it is not possible to determine the iron status of every infant by blood sampling. Hence, the test will be cost effective if it is performed on selected infants who are assumed to have risks of nutritional deficiency. Thus, to assist in the selection of infants who should be tested, we aimed at determining if it is possible to predict IDA using data on dietary history or symptoms. Clinically, delayed initiation of weaning, food, nutritional supply solely dependent on breastfeeding for more than 6 months, intake of raw milk before the first birthday, excessive intake of raw milk or juice, and diet composed mainly of foods containing insufficient amount of iron (e.g., thin rice porridge and powered food) were frequently observed in most infants diagnosed with IDA. Despite the various advantages of breastfeeding, one study showed that the iron concentration in breast milk continuously decreases during the first 6 months, decreasing especially rapidly between 1 and 3 months \[[@B13]\]. On the basis of these reports and clinical experience, we believe that selective tests by performing blood sampling on those who have such a dietary history would be an economic and practical alternative.

Thus, we investigated variables that could be used to assess iron status based on the infants\' diet and studied the degree of discriminating power for each variable by normalizing the variables.

MATERIALS AND METHODS
=====================

Subjects
--------

This study included 254 infants who had participated in the survey conducted among infants aged 6-36 months who had visited Inha University Hospital between March 2006 and July 2012. Infants who had a past history of congenital gastrointestinal diseases that could reduce iron absorption or who were suspected of having anemia due to chronic infection or sepsis caused by long-term fever or who had a surgical history related to congenital gastrointestinal diseases were excluded from the survey. We excluded 21 infants whose body weight at birth was less than 2,000 g as well as 2 infants who were suspected of having other types of hematological malignancies because abnormal levels of white blood cells and platelets were spontaneously observed. Finally, 231 infants were included, and 181 were assigned to the patient group and 50 to the control group. Results of blood tests performed at their visits were retrospectively analyzed. The questionnaire used in this study has been published in the *Korean Journal of Pediatrics* in 2009 \[[@B13]\].

In the control group, the normal range was defined as 11-16 g/dL for Hb, 33-40% for hematocrit, and 75 fL for mean corpuscular volume (MCV). In the IDA patient group, the normal range was defined \<11 g/dL for Hb and \<10 ng/mL for serum ferritin or \<15% for transferrin saturation.

Methods
-------

The IDA scoring table focused on items in the survey completed previously that were assumed to influence the iron status ([Table 1](#T1){ref-type="table"}). The items selected from the survey were feeding methods for 6 months after birth, age at which weaning food was initiated, infants\' overall response to weaning food, and the duration it took for infants to eat various types of weaning food since weaning food was started. The survey included data on the type of weaning food primarily fed, and these were categorized into the following: the homemade group, the commercially purchased group, and the combination group, in which both homemade and commercially purchased weaning foods were used. Formula milk was determined to have higher iron content than breast milk \[[@B14]\]. The homemade weaning food was recategorized into homemade weaning food with high iron content and homemade weaning food with low iron content, according to the main ingredients used in the preparation of weaning food. The ingredients beef, eggs, beans, tofu, fish, seafood, seaweed, nuts, and dairy foods were considered high-iron containing ingredients, and other ingredients including grains, vegetables, fruits, potatoes, and sweet potatoes were considered as low-iron containing ingredients \[[@B15],[@B16]\]. Using medical records, symptoms that were observed at the time of the visit due to IDA, including pallor, pica, and irritability were also retrospectively analyzed.

Statistical methods
-------------------

PASW Statistics 18.0 (IBM Co., Armonk, NY, USA) was used for statistical analysis, and independent samples t-test and Mann-Whitney U test were used for comparison. The data were presented as mean and standard deviation, and the data were determined to be statistically significant when *p* \<0.05. The correlation analysis was done using Spearman\'s rank correlation coefficient, and the data were determined to be statistically significant when *p*\<0.05.

RESULTS
=======

Past history
------------

The demographic data including infants\' gender and mothers\' age and level of education in the patient and control groups were not statistical significantly different. The average body weight at birth was 3.0 kg in both groups, without any significant difference (*p*=0.834). The infants\' average age was 12.2 months (range, 6-36 months) in the patient group and 11.3 months (range, 6-36 months) in the control group, with the difference being significant (*p*=0.000). For the 228 infants, reasons for the hospital visit (excluding the ones with unclear records) were fever (45.3%), anemia-related symptoms (23.4%), respiratory symptoms (13.3%), gastrointestinal symptoms (8.6%), convulsion (1.6%), cardiovascular symptoms (0.8%), and others (6.3%) ([Table 2](#T2){ref-type="table"}). The feeding methods used for infants for 6 months after birth included breastfeeding (87.8%), powdered milk formula feeding (2.8%), and combination feeding in the patient group (9.4%), and breastfeeding (30.0%), powdered milk formula feeding (24.0%), and combination feeding in the control group (46.0%). Hence, there were statistically significant differences in the feeding methods between the 2 groups (*p*=0.000).

Time for initiation of weaning food and time weaning food completion
--------------------------------------------------------------------

Mean times for initiating weaning food were 6.4±1.7 months in the patient group and 5.9±1.3 months in the control group. The period required for infants to adapt well to weaning food were \<1 month for 46.4%, 1-2 months for 23.8%, 3 months for 9.4%, and ≥4 months for 20.4% of the infants in the patient group. The period required for infants to adapt well to weaning food were \<1 month for 50.6%, 1-2 months for 28.0%, 3 months for 10.0%, and ≥4 months for 6.0% of the infants in the control group. In the patient group, 78 infants (43.1%) were only breastfed for over 6 months, whereas none of the infants in the control group were only breastfed for over 6 months ([Table 3](#T3){ref-type="table"}).

The type of weaning food
------------------------

The type of weaning food primarily fed to infants in the patient group was homemade only in 75.1%, and commercially purchased or a combination of homemade and commercially purchased weaning food in 24.9% of the patients. The type of weaning food primarily fed to infants in the control group was homemade only in 70.0%, and commercially purchased or combination of homemade and commercially purchased weaning food in 30.0% of the infants ([Table 3](#T3){ref-type="table"}).

With respect to the ingredients used in the weaning food, only 1 ingredient was used in 27.8% and 25.0% of the homemade food items fed to the infants in the patient and control groups, respectively, and ≥2 ingredients were used in 72.2% and 75.0% of the homemade food items fed to the infants in the patient and control groups, respectively. Among these, foods made using ingredients with high iron content were 51.4% for the patient group and 42.0% for the control group, and foods made using ingredients with low iron contents were 48.6% and 58.0% for the patient and control groups, respectively ([Table 3](#T3){ref-type="table"}).

Determination of anemia according to the iron deficiency anemia score
---------------------------------------------------------------------

The results from IDA scoring, the mean IDA scores were 7.8±2.6 points (range, 2-14) and 5.6±2.1 points (range, 0-10) in the patient and control groups, respectively ([Fig. 1](#F1){ref-type="fig"}). Non-parametric tests were performed, as results from both the patient and control groups did not show normal distribution, and significant differences were found between the 2 groups (*p*=0.000). Sensitivity of 86.8%, specificity of 36%, positive prediction rate of 81.9%, and negative prediction rate of 18.1% were obtained when the cut-off value was set at 6, according to the measured scores.

Classification according to the symptoms including irritability, pica, and pallor
---------------------------------------------------------------------------------

The infants were considered to have irritability if they woke up irritated twice or more in the middle of the night and cried with irritation during the day. They were considered to have pica if the infants frequently attempted to consume non-edible matter in cluding paper, dust, and toys. Infants were considered to have pallor if color changes in the lips, conjunctiva, and/or ear conch were observed.

Among 181 of subjects in the patient group, 37 (20.4%) had irritability, 26 (14.4%) had pica, 23 (12.7%) had pallor, 58 (32%) had at least 1 of the symptoms listed above, and 4 (2.2%) had all 3 symptoms. None of the symptoms listed above were observed in the control group. Sensitivity of 32.0% and specificity of 100% were obtained when IDA was diagnosed in patients with 1 or more symptoms among irritability, pica, and pallor.

Correlation between iron deficiency anemia scores and anemia
------------------------------------------------------------

The comparison of IDA scores and Hb levels for all the surveyed subjects revealed that Hb level, as measured by blood sampling, decreased as the IDA scores (according to the IDA scoring table established in this study) increased (R=0.386, *p*=0.000) ([Fig. 2](#F2){ref-type="fig"}).

DISCUSSION
==========

Newborn infants are born with a certain amount of iron, and then ferritin loss occurs around 4-6 months after birth. Rapid growth that takes place during this period may also cause malnutrition; furthermore, iron demand increases during this period. Hence, an adequate supply of iron is required.

Weaning food is not recommended until 6 months after birth in order to prevent atopic dermatitis \[[@B17]\]. The results of the survey performed in this study suggest that nutritional deficiency, especially of iron, may occur in most infants, as 29% of the surveyed infants adapted to the weaning food within 1 month, whereas more than half of the surveyed infants (71%) took more than 1 month to adapt. Moreover, early onset of anemia was reported recently in infants aged less than 6 months \[[@B18],[@B19]\]. As people\'s perception and knowledge of commercial weaning foods is changing, the use of iron-fortified weaning food has increased; however, IDA is often observed in these cases as well. In addition, the results reveal that the duration required for completely adapting to weaning food has an effect on the onset of iron deficiency because infants are vulnerable to iron deficiency during the period between weaning food initiation and adaptation. When nutrition is provided only by breastfeeding for more than 6 months, iron intake is insufficient. A study reported significantly lower ferritin concentrations in 6-month-old infants who were solely breast fed than in infants who were breastfed with iron supplementation and those who were fed powdered milk formula \[[@B20]\]. It was also reported that the proportion of breastfeeding was 87.4% in infants with IDA, which was significantly higher than that in infants with normal iron status (40.7%) \[[@B7]\]. The possibility of having IDA was higher if weaning food was started later. The thin rice porridge that is given while is low in iron \[[@B16]\]. Moreover, many infants do not eat sufficient quantities of thin rice porridge, resulting in severe iron deficiency. Many clinicians recommend that beef be included as one of the ingredients in weaning food. However, beef, which can improve iron deficiency, is not generally included while initiating weaning food. Furthermore, not all infants eat beef well. In fact, IDA is also observed in infants who were fed iron-fortified weaning food or weaning food containing beef.

We found that more that 75% of infants with IDA were diagnosed with IDA after visiting physicians for other symptoms or diseases; hence, it will be very challenging to identify patients with iron deficiency.

IDA and iron deficiency are known to have irreversible effects on neurological, motor, and behavioral development, regardless of improvement in anemia achieved by adequate iron intake after the diagnosis \[[@B21],[@B22]\]. Considering the harmful effects on the development of infants as anemia progresses, we believe that prevention of IDA by using simple survey methods would be the best practice, allowing early treatment before IDA progression is observed.

The results of this study suggest that a cut-off value should not be set based on only the IDA scores, as IDA scoring had a relatively low (58.6%-86.8%) sensitivity, which should have been higher in order to make the screening test results significant. On the other hand, the results suggest that infants with symptoms including irritability, pica, and pallor should be examined for IDA, as these symptoms have a specificity of 100%. Hence, irritability (3 points), pica (3 points), and pallor (3 points) should be included in the scoring table along with dietary history, although determination of these factors might be subjective.

This study had certain limitations. This study and the survey itself were not analyzed by a double-blinded method, but rather by a retrospective method. Hence, the records for the most common symptoms of IDA, including irritation and pica, were mostly missing. The survey was comprised of pre-established questions en bloc that were answered by parents or caregivers; hence, the results may be influenced by their subjective memory or judgments. Feedback from the experts was not given when the survey was answered. Although in the survey, the parents or caregivers stated the kinds of weaning food fed to the infants, the proportions of the food that the infants actually ate, especially the proportion or frequency of the intake of ingredients with high iron content were not classified further. Finally, we had relatively fewer subjects in the control group than that in the patient group.

However, this study has some strengths. We were able to predict the iron status of infants by performing a simple survey. Hence, it can be easily done in cases when screening tests or full examinations through capillary blood sampling are difficult to perform. In this study, Hb levels were found to decrease as the IDA scores increased. This result suggests that the cut-off value used in screening anemia should be set on the basis of the IDA scoring table, by including more number of subjects. In addition to this, we strongly suggest that tests should be conducted for iron deficiency and IDA in infants showing symptoms of irritation, pica, and pallor, as a sensitivity of 100% was observed for these symptoms.

We recommend that weaning food should be initiated 6 months after birth because of allergic diseases, that is, infants may develop allergy or atopic allergy to the food itself. It is recommended that weaning food should be initiated 6 months after birth for infants who are at risk for atopic dermatitis, as the incidence rate of atopic dermatitis may be higher when weaning food is initiated before 6 months of age \[[@B17],[@B23]\]. However, long-term breastfeeding continuously for more than 6 months and delaying the initiation of weaning food even 6 months after birth may cause IDA in infants who have already suffered from atopic dermatitis or who have relevant risk factors \[[@B24]\]. Although it is well acknowledged that breast feeding for up to 4 months after birth is beneficial for suppressing the onset of atopic dermatitis, whether delaying the initiation of weaning 6 months after the birth suppresses the onset of atopic dermatitis remains unclear \[[@B23],[@B25],[@B26]\]. Guidelines published in 2011 recommend that the initiation of solid food should not be delayed 4.6 months after birth \[[@B27]\]. In this study, when weaning food was initiated after the age of 6 months, more than 30% of infants took 2 or more months to completely adapt to the weaning food.

It is recommended that Hb or hematocrit should be measured 9 months after birth. And, more blood tests are suggested for infants having risk factors for anemia, in order to identify the anemia \[[@B28]\]. Capillary blood sampling is performed due to difficulties in performing venous blood sampling; however, Hb values obtained by capillary blood sampling and venous blood sampling may differ due to dilution of the blood contents by body fluid \[[@B29]\]. There is also the possibility of error in the diagnosis of anemia or IDA, as it does not reveal the morphology of other types of blood corpuscles and important parameters for IDA, including MCV and mean corpuscular Hb. Furthermore, symptoms such as vomiting and diarrhea can sometimes increase the Hb level as well. Therefore, considering the need for precise examination through venous blood sampling, difficulties in the blood sampling itself, and parents\' (or caregivers\') aversion towards blood sampling, our study results suggest that it is possible to avoid unnecessary blood sampling and missing the identification of infants with anemia if anemia or IDA can be identified using the dietary history of infants.

In conclusion, IDA was observed frequently in infants whose nutrition was supplied only by breastfeeding for more than 6 months, in those who were fed weaning food with low iron content (such as thin rice porridge and powdered food), and in those who took a long time to adapt to the weaning food. Further, the possibility of diagnosing IDA was higher when symptoms such as irritation, pica, and pallor were taken into account. Therefore, iron status should be evaluated for infants with the abovementioned conditions.
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Iron Deficiency Anemia Score Board
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IDA: iron deficiency anemia.
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The Chief Complaint for Visiting Hospitals
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^\*^Other symptoms: breathing difficulty, wheezing, ^†^other symptoms: vomiting, bloody stool, ^‡^others: health examination, neck mass, underweight, vaccination, skin vesicle.
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Results of the Comparison between the Iron Deficiency and Control Groups according to the Iron Deficiency Anemia (IDA) Score Board
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^\*^C+H: used only commercial purchased weaning food or uses a combination of homemade and commercial weaning food, ^†^H: used only homemade weaning food, ^‡^F+B: formula only or breast milk+formula, ^§^B: breast milk only.
